Graphic representations (chemical formulae) of macromolecules (IUPAC Recommendations 1994)
Ubi materia, ibi geometria, J. Kepler (1 57 1 -1630)
Synopsis. The unambiguous graphic representation of molecules is specially important for macromolecules, which often exhibit a larger number of structural features than do molecules of low molecular weight. For example, the formula of a copolymer should immediately imply if it is meant to present a block copolymer or a copolymer with an unspecified sequence of monomeric units. Thus, a two-block copolymer consisting of a block containing p monomeric units A and a block comprising q monomeric units B is represented by the formula +A-B% whereas the corresponding random copolymer is represented by the formula (-A-i --B-)" wherep + q = n.
Overall, the document provides rules and examples for the graphic representation of constitutional repeating units and monomeric units, regular and irregular polymers of simple as well as complex structures, including organic and inorganic homopolymers, alternating and periodic copolymers, statistical, random and unspecified copolymers, block copolymers and graft copolymers, including star polymers. The proposed graphic representations of chemical formulae for polymers are suitable for presentation through graphics computer programs.
Preamble
Graphic representations (chemical formulae) of macromolecules are used extensively in the scientific literature on polymers including IUPAC documents on macromolecular nomenclature (Ref. I). This document establishes rules for the unambiguous representation of macromolecules by chemical formulae. The rules apply principally to synthetic macromolecules. Insofar as is possible, these rules are consistent with the formulae given in IUPAC documents (Refs. 1 -5) and they also cover the presentation of formulae for irregular macromolecules (Ref. 6) , copolymer molecules (Refs. I, 2, 7), and star macromolecules.
In comparison with chemical formulae of low-molecular-weight compounds, chemical formulae of polymers must additionally reflect the multiplicity of constitutional units in a macromolecule and the various possibilities for connecting the constitutional units in a macromolecule.
Throughout the text the term constitutional unit (Ref.
2) is taken to include both constitutional repeating unit (Ref. 2) and monomeric unit (Ref. 2) ; one of these types of unit should be used wherever possible and appropriate.
As a general rule, chemical formulae for macromolecules should be written only in those cases where the structures of the constitutional units are known. A given structure may, however, be written in various ways to emphasize specific structural features; such alternative structures need not necessarily reflect the order of citation dictated by structure-based nomenclature (Ref. The validity of the constitutional units selected should always be checked by arranging their formulae with repetition, thus forming formulae of longer sequences. In this way it is possible to exclude combinations of constitutional units that do not occur in the macromolecules.
Examplesa)
3-E 1 : poly( 1 -chloroethylene/2-chloroethylene) (an irregular polymer derived from vinyl chloride, the units of which are joined both head-to-tail and head-to-head): 
poly(chloromethylene/methylene) (chlorinated polyethene that does not contain dichloromethylene units):
* * * -CHz-CHCl-CH2-CHz-CH2-CHCl-CHCl-CH2-CH2-CH2-
9
.
with constitutional units:
See note to 3-El.
poly(chloromethylene/dichloromethylene/methylene)
(chlorinated poly(viny1 chloride) with a mass fraction of chlorine of 0.65):
with constitutional units: . Note: In cases in which both 1-phenylethylene and 2-phenylethylene units are present in measurable amounts, the formula for an irregular polymer is used: -based (co)polymer names (Refs. 1, 3, 7 ) are given first, followed by systematic structure-based names (Refs. 1, 3) , if these exist, before the proposed formula. [ 'aH, $ 1 6
. . ~NHCO~(CH~)~~CONII~(CH~~~NHCO~(CH~~-CONH-(CH~6-NHCO-(CH~4-CONH-(C
See note to 4.2-E6. Note: The formula is more specific than the first of the two given names in that it specifies that the butyl end group is linked to the 2-position of a 1-phenylethyl group and the carboxy group is attached to the 2-position of a 2-(4-~hlorophenyl)ethyl group. where the horizontal line under the unmodified monomeric unit A denotes that the point of attachment of the graft is not known. Note: If the backbone of a graft copolymer is itself a copolymer consisting of monomeric units A, B, and it is not known to which of the monomeric units A or B, nor at which site of the individual units A or B, the grafts +CjP are attached, the formula is written as: 
